Three free-ranging raccoons caught in southeastern Florida were found to be infected by Heterobilharzia americana. The livers were firm with rough surfaces and stellate patterns of periportal fibrosis. The portal tracts had excessive mature fibrous connective tissue and occasional ovum and necrotic fluke granulomas. There were also ovum granulomas with concomitant lesions in small and large intestine, pancreas, and lung. Numerous other parasites were seen.
The lesions of this schistosome infection of a natural mammalian host are largely unreported and poorly understood [lo] . Our report describes lesions in three raccoons naturally infected with H.americana.
Case Report
Three raccoons, thought to be young, were from a group used for neuroanatomical study. They were captured in the swamp and river lowlands of southeastern Florida and shipped to Pullman, Wash., by air freight. They were killed by intravenous overdose of barbiturate at the end of the study, about 2 weeks after arrival, and perfused intracardially with a solution of glutaraldehyde ( I .5%), paraformaldehyde ( I YO) and 0.1 M sodium cacodylate buffer.
Results
The most significant gross finding in each was a firm, pale, shrunken liver. The surface of the most severely affected liver was coarse and nodular; the capsule thick and opaque. The gall bladders had clear, watery bile. There was a nodular pattern well defined by bands of fibrous connective tissue on the cut surface of the liver in one animal. The liver of another was very fibrotic and had 1-mm white foci scattered throughout. The capsular surface was roughly granular. The liver of the third animal was hard to cut and also had a granular surface.
One of the three raccoons was emaciated. Two were in an average state of nutrition, with adequate body fat and muscle. An exhaustive examination of the subcutis revealed no filarids. There was a 2-cm abscess in the right hip of one raccoon, which also had mild, purulent coxofemoral arthritis.
The gastric mucosa of one animal was interrupted by several 3-cm raised nodules that projected into the lumen about 2 cm. They were firm with an umbilicated apex and had small nematodes. These stomach worms were not positively identified, but may have been either Gnathostoma procyonis or Physaloptera rara. Both are common in raccoons [7] .
Gross lesions were not seen in the intestines of two raccoons. Up to seven pairs of If. americana were scattered throughout the mesenteric veins of the three raccoons. A firm, rough-surfaced patch, 1 cm in diameter and raised about 2 mm, with petechiation of the surface, was in the lower duodenum of one animal. Many 3-mm long, hair-like nematodes in the jejunum and ileum of two animals were subsequently identified as the hookworm, Arthro- cephalus lotoris. The mesenteric and portal lymph nodes of one animal were greatly enlarged and uniformly dark grey. The lungs in all the raccoons were collapsed, but several grey-white or green nodules were seen. They were 0.5-1.0 cm in diameter and firm, and could be palpated along with other nodular lesions within the parenchyma. The spleens were about 12 cm long.
The kidney from one raccoon had a hard, pyramidal, white cortical focus with a depressed surface. This raccoon had two focal 0.5 (-) cm raised nodules with superficial petechiae in the mucosa of the urinary bladder.
Microscopically, livers had severe periportal fibrosis ( fig. 1 ). Portal tracts were greatly thickened by mature bundles and whorls of collagenous fibers sparsely infiltrated with eosinophils, lymphocytes, and plasma cells. Scattered periportal ovum granulomas were in various stages of resolution ( fig. 2 ). The normal lobular architecture was accentuated by fibrous circumscription of all lobules. Some granulomas were in an exudative stage surrounded by epithelioid cells, eosinophils and a few lymphocytes and plasma cells. Other less acute granulomas had giant cells, lymphocytes, plasma cells, and fibroplasia. The contents of the ova in some of the latter instances had been resorbed, leaving only cuticular fragments. There was also prominent fibrosis around many central veins in the livers of two raccoons.
Vascular lesions of the intrahepatic portal venules had villous subendothelial proliferation, marked tortuosity of vessels, and occasional thrombosis. Thrombosis apparently was caused by ova and granulomas and, in one instance, a necrotic fluke. There were occasional eosinophilic micro-abscesses around necrotic ova. Neovascularization and collateral development was frequent throughout the portal tracts.
Marked amounts of yellow-brown pigment were seen in macrophages diffusely scattered throughout the liver parenchyma and portal tracts. Proliferation of bile ducts and cholangioles was conspicuously minimal in severe periportal fibrosis. Neither damage to the hepatic parenchyma nor changes in the lobular architecture were evident. No apparently viable schistosomes were seen. There was fibrosis around most central veins ( fig. I) , but the cause was unknown.
Lesions related to H.americana infection were not found in the stomach. There were, however, several large granulomas in the gastric submucosa and muscularis that had a number of intact and degenerated adult stomach worms. Most reaction around the adults varied from none to eosinophilic granulomas with central caseation necrosis around necrotic worms. Occasionally small blood vessels near the eosinophilic granulomas were either necrotic and thrombosed or had eosinophilic cuffs. Mucosal and submucosal lesions were not seen, but there were a few aggregates of eosinophils, plasma cells and lymphocytes in the lamina propria. A number of unidentifiable ova were in the lumen of the stomach. These may have been ova of the stomach worms.
Lesions of H.americana infection in the small and large intestines were similar to, but more frequent than, those in the small intestine. A few adult parasites were in the mesenteric venules. Villous subendothelial proliferation, thrombosis, necrosis, and collateral formation were occasionally seen in veins ( fig. 3 ). Several thrombosed venules had intact or fragmented ova. Many submucosal ovum granulomas found in the small intestine consisted primarily of aggregates of epithelioid cells or giant cells, eosinophils, plasma cells, and lymphocytes. Both necrotic and apparently viable ova were seen in the mucosa. A convoy pattern of oviposition or aggregated production of ova was evidenced by the linear alignment and clumped arrangements of ova passing through the lamina propria and mucosa ( fig. 4 ). There was little or no host inflammatory cell infiltration around most viable appearing ova. The stellate, radiating eosinophilic crystalline antigen-antibody precipitates, The composition of the granulomas was identical to that of granulomas in the liver. Bundles and whorls of mature fibrous tissue were scattered throughout the lungs. The raccoon with these pulmonary lesions also had the most severe periportal hepatic fibrosis.
There were numerous aeleurostrongylids and their ova-containing larvae within dilated bronchi and bronchioles in two animals. Associated with these filarids were mild, focal, eosinophilic and purulent broncho-pneumonia and local thickening of alveolar walls. Some alveoli and bronchioles in the affected areas contained larvae. In addition, there was an unidentified trematode in two dilated bronchioles of one animal. A few operculated ova with yellowbrown cuticles were also within these dilated bronchioles. These flukes were probably of the genus Purugonimus, which has been seen in the raccoon [7] .
The interlobular connective tissue of the pancreas of two raccoons had a few focal schistosomal ovum granulomas and necrotic, thrombosed vessels.
There was a moderate multifocal necrosis of the renal tubular epithelium, with minimal inflammatory reaction, in one raccoon. Other scattered renal tubules had undergone mineralization. The urinary bladder mucosa and submucosa of one animal had acute pyohemorrhagic inflammation. The submucosal vessels were engorged with blood ; there were fibrino-necrotic membranes focally and frank hemorrhage into the lumen. Bladder sections from one animal did not disclose the nature of the macroscopically seen foci.
Microfilariae were frequently seen within blood vessels of the liver and lungs in one raccoon. These may have been the microfilarial forms of Drucunculus insignis, commonly found in the subcutis and muscle fascia of the raccoon [7].
The mesenteric lymph nodes of the raccoons were edematous with mild, focal, disseminate eosinophilia and pigment deposition throughout. No remarkable microscopic findings were seen in the brain, heart, adrenals, and spleen.
Discussion
Periportal fibrosis of the liver in man, caused by schistosomal infection, was described in 1904 [20] . The cut surface of the liver appeared 'as if a number of white clay-pipe stems had been thrust at various angles through the organ'. A smooth, enlarged liver in the early stages of periportal fibrosis develops an abundance of immature fibrous tissue Periportal fibrosis is seen in chronic hepatosplenic schistosomiasis of man and may be accompanied by portal hypertension, splenomegaly and esophageal varices that may cause a number of serious complications [l]. The pathologic significance of the periportal fibrosis or the heterobilharzia infection in these raccoons was difficult to evaluate because of other complicating infections.
Toxoplasmosis and chronic glomerulonephritis in two dogs [6, 171 and gastrointestinal parasitism in cattle we have seen were important complicating factors in other schistosomal infections. However, the development of collateral portal circulation in the raccoons may indicate portal hypertension, which may lend some significance to the infection.
Vascular and submucosal lesions of the intestine and lesions in the lungs and pancreas, similar to those in our raccoons, have been reported in various species [4, 6] . Ova may reach the lung via portacaval shunts which are known to develop in chronic schistosomal infections in man [21] and chimpanzees [19] . Alternatively, adult flukes may have been in the venules of the urinary tract, as in Schistosoma hematobiurn infection of man, or in Schistosoma mattheei infection of cattle. In these instances, ova may pass directly to the lungs as emboli.
Symmer's periportal fibrosis of the liver has been produced experimentally in chimpanzees [25], mice [26], goats [5], and cattle [23] . Schistosomal periportal fibrosis, however, has been seen in mammals of two other naturally occurring host-parasite relationshipsonly man [20] and cattle [22] . Firm livers were reported in two dogs with heterobilharziasis [6, 171. Fibrosis was found only focally around ova in these dogs. Generally, ova are only within the portal tracts; however, they were found scattered throughout the hepatic lobules in one canine case [6] . This report oflesions produced by H.americana in the raccoon should stimulate investigators to explore further this naturally occurring host-parasite system.
